Introduction
Seizures exist along a spectrum of severity, from benign febrile seizures to refractory status epilepticus (SE). ICU level of care is recommended for management of SE but may also be necessary after any seizure for hemodynamic monitoring and ventilatory support [1] . This commonly occurs in the context of airway protection or treatment using sedating medications with hypotensive side effects to terminate seizures. In these cases, intensive monitoring is necessary regardless of the underlying cause of seizures. When seizures are provoked by an acute intracranial process or a systemic condition such as sepsis, ICU management may be further indicated for treatment of the underlying condition [2] .
Seizures represent 1% of visits to emergency departments (ED) in the United States and a small proportion of these cases will need immediate ICU management [3] . To date, most studies reporting ICU prognosis and outcomes after seizures have been limited to cohorts exclusively with SE or with seizures detected after ICU admission [4] [5] [6] [7] [8] . Risk factors to predict prognosis in patients that present to the ED with a single seizure of any cause and are admitted to the ICU have not been analyzed or stratified in detail; a descriptive analysis of this cohort of patients should provide valuable information to enlighten clinicians on this issue.
Here we report characteristics and acute outcomes for 247 consecutive patients presenting to a high-volume tertiary care center ED with witnessed seizure that either died in the ED or were directly admitted to the ICU. This represents a diverse group of the most high-risk patients with various seizure etiologies; about half of who present with SE. Intensive care unit Seizure Status epilepticus
A B S T R A C T
Purpose: Seizures are a common cause of presentation to the emergency department (ED) but vary widely in severity and prognostic significance, with some cases requiring ICU management. Most evidence regarding seizure outcomes in the ICU comes from patients exclusively with status epilepticus (SE) or with new seizures detected after ICU admission. To aid in determining early prognosis of ICU patients with and without SE, we performed an analysis of patients initially presenting with any type of seizure and requiring ICU management. Method: Analysis of hospital records of 247 consecutive patients presenting to the ED initially with seizure and directly admitted to the ICU between January 2010 and June 2013. The primary outcome was composite in-hospital death or discharge to hospice, and the secondary outcome was recurrent ICU seizures. Results: The primary outcome occurred in 7.7% of patients. Both early mechanical ventilation and an acute intracranial process on neuroimaging were associated with a poor outcome. About half of this cohort presented with SE. Although SE was associated with recurrent seizures in the ICU, the primary outcome was similar between patients presenting with and without SE. Patients with SE had greater rates of early intubation in the ED and were treated more aggressively with medication, whereas patients without SE had greater rates of first ever seizure, acute intracranial disease including intracranial hemorrhage, and neurosurgical intervention. Conclusion: Patients presenting to the ED with and without SE requiring ICU admission may have similar acute outcomes, yet differ in risk factors and seizure etiologies.
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Methods

Patient selection
We queried the electronic ED database at Temple University Hospital for all records containing ''seizure'' in the differential diagnosis from January 2010 to June 2013. Hospital records for the given admission were then reviewed for inclusion and exclusion criteria. Inclusion criteria were age of 18 years or greater, witnessed seizure, direct transfer from the ED to the ICU or death in the ED, and a complete medical record. Exclusion criteria were seizures determined to be non-epileptic or uncertain seizure-like activity that was better explained by other conditions such as syncope, myoclonus, tremor, or altered mental status. Patients admitted to the neurological, medical, or cardiac ICU were included. Admission to the ICU was determined by the attending admitting physician.
Data collection
Hospital records were comprehensively reviewed, and all patients with the given inclusion and exclusion criteria were included in the analysis, although radiology and EEG studies were not performed on all patients. The primary outcome used for analysis was a composite outcome of in-hospital death or discharge to hospice, and the secondary outcome was ICU seizure recurrence. SE was defined as greater than five minutes of ictal activity or multiple seizures with incomplete recovery of consciousness, and included both convulsive and nonconvulsive subtypes. Patients presenting with multiple seizures by history or in the ED with return to baseline between episodes were grouped together with patients presenting with a single seizure. This study was carried out in accordance with policies approved for Human Subjects Research by the Temple University Institutional Review Board.
Statistical analysis
Univariate and multivariate logistic regression analysis were used to determine association of risk factors with the primary outcome. Welch's t-test was used for testing of continuous variables and Fisher's exact test for categorical variables in univariate analysis. Chi-squared goodness of fit test was used to compare seizure etiology frequencies between groups. A statistical threshold of 0.05 was used for all tests. All analyses were performed using the R statistical analysis package.
Results
Query of the ED database returned 8174 records from January 2010 through June 2013 containing the search term ''seizure,'' of which 344 were directly admitted to the ICU. After exclusion of records with seizure-like activity that was unwitnessed or better explained by other conditions, 247 records were included for analysis. Patient demographics and admission characteristics are shown in Table 1 .
The primary outcome of in-hospital death (n = 10) or discharge to hospice (n = 9) occurred in 7.7% of this cohort. Causes of death included septic shock (n = 3), cocaine-associated intracranial hemorrhage (n = 2), cardiac death (n = 2), ruptured cerebral aneurysm (n = 1), acute ischemic stroke (n = 1), and ethylene glycol ingestion (n = 1). Both the presence of an acute intracranial process on head CT or brain MRI (OR 4.89, 95%CI 1.58-16.8, p = 0.002) and intubation in the ED (OR 3.38, 95%CI 1.10-12.4, p = 0.029) were significantly associated with the primary outcome in univariate analysis (Table 1) . Multivariate analysis to assess association of status epilepticus, third-line antiepileptic medication (midazolam, phenobarbital, and propofol), early intubation, and acute neuroimaging with the primary outcome was also performed. Early intubation (OR 6.44, 95%CI 1.88-26.6, p = 0.005) and acute intracranial disease (OR 5.78, 95%CI 1.97-18.6, p = 0.002) were again associated with poor outcome, and no significant effect was observed for SE (OR 0.64, 95%CI 0.20-2.08, p = 0.458) or thirdline medication in the ED (OR 0.67, 95%CI 0.16-2.35, p = 0.545) or ICU (OR 2.47, 95%CI 0.47-10.5, p = 0.238). Two patients died in the ED before transfer to the ICU, and exclusion of these cases produced no significant change in the results of primary outcome analysis (data not shown).
SE occurred in 51.8% of this cohort, nearly always at presentation to the ED, yet interestingly was not associated with the primary outcome in univariate or multivariate analysis (Table 1) . Comparison between patients with and without SE revealed different baseline and admission characteristics ( Table 2) . Patients with SE presented with lower Glasgow Coma Scale (GCS) scores in the ED (median 6 vs. 13, p < 0.0001) and had higher rates of intubation in the ED (60.2 vs. 33.6%, p < 0.0001) than patients Across the cohort, the most commonly identified seizure etiologies were subtherapeutic AED level (27.1%), alcohol withdrawal (10.9%), mass lesion (9.3%), metabolic disturbance (7.7%), and ICH (7.3%). However, these seizure etiologies were not evenly distributed between patients with and without SE (Fig. 1) . Subtherapeutic AED levels were more common in the SE group (X 2 = 9.33, p = 0.002), while ICH was a more common etiology in the non-SE group (X 2 = 8.00, p = 0.005).
Overall seizure recurrence in the ICU was observed in 13.0% of cases. SE at presentation was associated with greater risk of additional ICU seizures (OR 3.19, 95%CI 1.31-8.59, p = 0.007), with 18.8% of these patients experiencing additional seizures during their hospitalization. Epileptiform activity on EEG was also associated with recurrent seizures (OR 12.8, 95%CI 4.09-53.5, p = 8.04 Â 10 À8 ) and SE (OR 3.41, 95%CI 1.65-7.33, p = 3.60 Â 10 À4 ). In 39.4% of cases with epileptiform EEGs, there was no documented history of epilepsy. Continuous EEG monitoring during ICU admission was performed in 35 cases (14.2% overall) and demonstrated electrographic seizure activity in 15 patients, all of who presented to the ED with SE. None of these cases with electrographically confirmed seizure activity had a poor outcome.
Discussion
Here we report characteristics and outcomes of 247 consecutive patients initially presenting to the ED with seizures that were admitted to the ICU or died in the ED. This cohort represents the most high-risk seizure patients regardless of underlying etiology. By including cases with and without SE, we were able to directly assess the influence of SE on ICU prognosis and determine profiles of patients at risk for poor acute outcomes.
Death and discharge to hospice were relatively uncommon in this group of high-risk patients, despite a high rate of SE. The incidence of in-hospital death in this study was similar to that reported in a recent large SE cohort, although the rate here was even lower after restricting to the SE subset [9] . Causes of seizures were also similar to those reported for other cohorts [4, 5, 7] . We did not find any association between poor outcome and age or sex as previously reported for SE, although we did confirm the association between mechanical ventilation and poor outcome [4, 5, 7, 9] . Although SE carries a significant risk of mortality, most SE patients in this study did well [5] [6] [7] . Third-line medications were used in the SE group at rates similar to other studies, although were not a risk factor for poor outcome [7] . Interestingly, we found no difference in acute outcome between patients with and without SE.
Little evidence exists directly comparing outcomes between patients with and without SE, but by specifically restricting analysis to critically ill patients with initial chief complaint of seizure this was feasible. Similarity in acute outcomes was likely a result of multiple factors. While it is standard protocol for SE to be managed in the ICU, most isolated seizures can be managed in less acute settings. Therefore, the underlying seizure etiology requiring admission to the ICU may have been an equalizing risk factor, explaining why a single seizure may have a similar outcome to SE. In this study the seizure etiologies in patients without SE tended to be more severe with higher rates of acute intracranial disease and neurosurgical intervention.
This study emphasizes the importance of early and meticulous investigation into the cause of seizures. Neuroimaging provides not only essential diagnostic information but also has early prognostic utility in this population. Imaging of the head should be performed prior to transfer to the ICU. Multi-organ failure secondary to sepsis was the most common cause of in-hospital death. Therefore, underlying infection should be evaluated for early after seizure presentation. Among the two deaths that were sudden and unexpected, both were determined to be cardiac deaths by autopsy, although one case resembled sudden unexpected death in epilepsy (SUDEP) in presentation. Death in both cases occurred in the ED prior to ICU admission. This is particularly important because cardiopulmonary collapse in SUDEP commonly occurs soon after a seizure and speaks to the need for early hemodynamic monitoring and resources for acute resuscitation [10] . Our study was limited by retrospective design and the small size of the primary outcome group. A large number of records were excluded due to unlikely or poor description of seizure. Additionally, while two-thirds of patients had an EEG study performed during the hospitalization, the number of cases with continuous EEG monitoring was limited. As a result, it is possible that some patients within the non-SE group may have actually had nonconvulsive SE at presentation or later during hospitalization [8] . Nevertheless these findings remain applicable particularly where continuous EEG monitoring may not be readily accessible. While there have been significant advances in detection of subclinical seizures in the ICU setting, there remains little evidence comparing treatment strategies for ICU seizures, resulting in considerable variability in institutional management protocols for this high-risk population.
